It is unknown whether the hyperglycemia that follows cardiac arrest and during therapeutic hypothermia (TH) is due to the arrest or the TH, whether it is associated with adverse outcomes, or whether its treatment affects outcomes.
T herapeutic hypothermia (TH) improves neurologic outcomes after cardiac arrest (1) (2) (3) . Glucose homeostasis is altered by TH and the systemic responses to whole-body ischemia including brain injury post cardiac arrest (4) . Hyperglycemia has been associated with poor neurological outcomes for patients treated with TH, but it is unclear whether hyperglycemia directly contributes to deleterious outcomes or is simply a marker for overall poor health (5) . Insulin resistance (IR) has also been observed in cardiac arrest patients treated with TH (6 -8) .
The primary goal of this study is to describe the effects of TH on blood glucose (BG) levels and IR in postcardiac arrest patients. A secondary goal is to determine whether an association exists between BG levels, IR, diabetes status, and mortality rate in postcardiac arrest patients undergoing TH.
Materials and Methods

Study population
Between September 2005 and April 2008, 65 patients were treated with TH after cardiac arrest (inpatient or outpatient arrest) at Northwestern Memorial Hospital under a research protocol with institutional review board approval (9) . Inclusion criteria included the following: 18 years of age or older, cardiopulmonary resuscitation initiated within 15 minutes of arrest, return of spontaneous circulation (ROSC) within 60 minutes of arrest, systolic blood pressure greater than 90 mm Hg, and unable to follow commands and/or severely agitated upon restart of circulation. Exclusion criteria included the following: pregnancy, terminal illness, severe coagulopathy or pathological bleeding, do not resuscitate status, or noncardiac arrest-related encephalopathy. Written informed consent was obtained from the power of attorney or appropriate family member for TH. BG values and insulin treatment regimens of the 62 patients with complete data sets were ascertained retrospectively from the electronic medical records with additional approval of the Northwestern University Institutional Review Board (Supplemental Figure 1 ). Chart review determined whether patients were considered to have diabetes mellitus (DM) or not have diabetes mellitus (NonDM).
Therapeutic hypothermia protocol
Cardiac arrest patients were determined appropriate for TH by emergency, critical care, and neurology staffs based on criteria outlined above. Briefly, the TH protocol consisted of cooling as rapidly as possible to 33°C and then holding that temperature for 24 hours. Controlled rewarming to 37°C was then carried out over 8 or 16 hours, depending on the period of study (Supplemental Figure 2 ).
Insulin protocol
Intravenous insulin treatment of hyperglycemic patients used a previously developed protocol in which BG values are assessed hourly and infusion rates altered based on changes in BG (10) . The target BG was 80 -110 mg/dL, consistent with the American Diabetes Association guideline at that time (11) .
Data collection
The prehypothermia period was defined as the 72 hours before the initiation of TH, including the cardiac arrest event if data were available (21 patients) and was further subdivided into prearrest and postarrest periods. The posthypothermia period started at the end of TH to 48 hours after TH and was subdivided into rewarming and postrewarming periods. BG values (chemistry and point of care) and insulin rates were recorded for all time periods in 4-hour blocks. BG levels and insulin rates were averaged within each time period and across all time periods to provide mean glucose levels and insulin rates for each patient. Thus, each patient contributed only one mean glucose value and one insulin rate for each time period to the overall averages, regardless of how many assessments were completed within each time period.
Insulin resistance was estimated by dividing the average insulin infusion rate by the average BG during each time period, as previously reported (12) . Risk factors previously shown to be associated with worsening hyperglycemia, including type of cardiac arrest, time required for ROSC, and use of iv epinephrine, were also collected (13) . Survival was defined as discharge from the hospital.
Statistical analyses
Means Ϯ SD describe continuous baseline characteristics and percentages describe categorical baseline characteristics. Student's t, Mann-Whitney, and 2 tests were used, as appropriate, to compare these variables between groups for all time periods. Kaplan-Meier curves were generated to compare survival probabilities for patients with peak glucose above and below the median peak glucose at the time of arrest. Cox proportional hazard models were used to estimate adjusted hazard ratios and 95% confidence intervals; the adjusting variables included gender, age, body mass index (BMI), history of diabetes mellitus, and time to ROSC. Statistical significance was accepted as a value of P Ͻ .05 (two sided). Statistical analyses were performed using GraphPad In-Stat and SAS version 9.3.
Results
Of the 62 patients analyzed [16 DM (26%); 46 NonDM (74%)], 52 (84%; 15 DM, 37 NonDM) received an insulin drip within 3 days of their cardiac arrest and 48 (77%; 13 DM, 35 NonDM) had the drip initiated after the start of hypothermia (Tables 1 and 2 ). All 62 patients had at least one BG level above the upper limit of the target range (glucose Ն 110 mg/dL). The average BG levels after cardiac arrest but prior to TH, during TH, and 24 -48 hours after TH were 227 Ϯ 99.8, 159 Ϯ 54.5, and 113 Ϯ 25.5 mg/dL, respectively. Figure 1 illustrates the changes in BG observed before, during, and after TH in 21 patients who had inpatient cardiac arrests and had BG levels recorded for 48 -72 hours before the cardiac arrest. There was a marked increase in the BG level after the cardiac arrest that decreased rapidly during hypothermia upon the administration of the insulin drip.
In the 52 patients who received an insulin drip, mean BG [128 Ϯ 23 vs 150 Ϯ 56 mg/dL (P ϭ .079)] and mean insulin infusion rates [1.9 Ϯ 1.8 vs 2.3 Ϯ 2.7 U/h (P ϭ . . There were no statistically significant differences in the insulin infusion rates or IR between DM and NonDM patients at any time points. DM patients were not at significantly increased risk of mortality among all patients [hazard ratio (HR) 1.3, 95% confidence interval 0.6 -2.6] or those who completed hypothermia (HR 1.5, 95% confidence interval 0.7-3.5)
All patients who completed TH (n ϭ 53) were stratified by median maximum BG at the time of arrest (above or below 220.5 mg/dL). Those individuals who had BG levels above the median were 2.4 times more likely to die during the hospital admission postarrest relative to those below the median, even after adjusting for age, gender, BMI, and diabetes status (P ϭ .042). When the time to ROSC was added to the model (with median ROSC values imputed for four missing values above the median and five missing values below the median), the HR was still significant at 2.3 (P ϭ .049). For those above the median BG at arrest, the average survival time was 13 days compared with 25 days for those who had BG below 220.5 mg/dL.
Discussion
Hyperglycemia is commonly seen in patients after cardiac arrest and is associated with poor outcomes (6, 13, 14) . The specific mechanism by which BG increases after cardiac arrest is not well understood (15, 16) . TH did not appear to have an independent effect on glucose homeostasis in our study. Analysis of the glucose levels in the 21 patients with in-hospital cardiac arrest showed that the rise in BG occurred immediately after the arrest and prior to the institution of hypothermia, with no further increase associated with the hypothermia. Previous studies have shown that hyperglycemia after cardiac arrest is associated with poor functional neurological recovery (17, 18) . Our data revealed that increased BG levels (Ͼ220.5 mg/dL) immediately after cardiac arrest were associated with decreased survival, but BG levels after the initiation of insulin therapy were no longer associated with survival status. Although this lack of significance may be limited by small sample size, it suggests that the degree of hyperglycemia after cardiac arrest may not be the cause of increased mortality in these patients but rather may be a marker of the severity of stress caused by cardiac arrest. Many parameters used to create severity of illness scores (eg, Acute Physiology and Chronic Health Evaluation) are not available prior to or even immediately after arrest, precluding our development of such scores. The ROSC is the best prognostic indicator of neurological outcomes (19) , and we have used that as a surrogate for the severity of illness. The fact that adding ROSC to the model did not alter the effect strengthens the association of hyperglycemia with mortality.
Limitations of this study include the relatively small sample size, a result of the inherent specificity of the study population (cardiac arrest survivors treated with TH at a single institution). As a retrospective analysis, the frequency of glucose measurements varied from patient to patient but by averaging BG values over specific time periods for each patient and then pooling all the patients, the frequency of BG measurements has a smaller influence on the overall analysis. The measurement of IR as a ratio of infusion flow rate to BG provides an estimation only and has not been validated against the insulin clamp (12). Retrospective studies are also susceptible to confounding factors, such as age and BMI; however, adjusted hazard ratios were calculated when appropriate in an effort to minimize the confounding effect. Further analyses looking at cardiac arrest patients not treated with hypothermia may help elucidate this picture.
In conclusion, our study of BG, insulin infusion rates, and IR in cardiac arrest patients treated with moderate hypothermia revealed that TH did not appear to have an independent effect on glucose homeostasis and that only BG levels immediately after cardiac arrest and before insulin therapy and TH were associated with survival. We hypothesize that this value is a measure of the severity of stress caused by cardiac arrest and organ hypoperfusion and that it is the degrees of brain injury and cardiovascular instability (20) that are associated with the likelihood of survival. Although insulin therapy is standard in critically ill patients with hyperglycemia, its utility in this population will require further study, ideally with a larger sample size.
